In Taiwan, government procurement still relies on the traditional "paper-based" approach. Much information is mis-carried and then mis-interpreted when procurement information is transferred from that of paper to digital form. This creates design negligence, conflicts, mis-calculations, and inconsistencies among drawings, specifications, etc, which often cause change orders and contract disputes. Government agencies, as the biggest procurer, are the most vulnerable to these problems. Considering the huge number of tenders every year, a sizable share of public resource is wasted to resolving the disputes caused by such information gap among owners, designers and contractors. Hence, the evolution of a true 3D digital approach hinges upon the government's will to adopting it. The aim of this research is to examine the feasibility and the means to launch a BIM-based procurement system for public works in Taiwan. If a BIM platform is adopted, the current procurement system in Taiwan would need significant adjustments, which require a thorough and comprehensive analysis.
INTRODUCTION
As computer-aided approach in expressing procurement requirements becomes common and well accepted, government procurement still relies heavily on the traditional "paper-based" approach. In fact, much information is mis-carried and then mis-interpreted when procurement information is transferred from one medium to another, in particular from that of paper to digitalization.
This inevitable transfer of information creates design negligence, omissions, conflicts, mis-calculations, and inconsistencies among drawings, specifications, and other contract documentations. These problems cause frequent change orders and may contribute to disputes among owners, designers and contractors.
Government agencies, as the biggest procurer in the construction industry and also the most conservative users who rely on the paper-based approach, are perhaps the most vulnerable to the afore-mentioned problems.
Considering the huge number of tender being brought to the attention of potential bidders every year, a sizable share of public resource is wasted to resolving the disputes caused by such information gap among owners, designers and contractors. In addition, the contracting industry, in reaction to government agency's conservative paper-based approach, is also sloth to embrace the true benefit which 3D based design can offer, as the ability to work on 2D drawings and concepts including quantity surveying, construction planning, system integration, etc., is still crucial. Hence, the evolution from 2D paper-based to a true 3D digital approach in the construction industry hinges upon the government's will to adopting a 3D procurement approach in the first place.
The aim of this research is to examine the feasibility as well the relevant means to launch a BIM-based procurement system for public works in Taiwan. If a BIM platform is adopted, rather than the traditional paper-based approach, the current government procurement system would need significant adjustments, and many other spin-off functions surrounding government procurement, which are not likely to be possible in the past, may also be contemplated. Through this work, it is expected that the BIM-based procurement system can significantly save the government's trouble in relying on traditional paper-based procurement approach, and the efficiency and effectiveness of government procurement will be further enhanced.
COMMON PROBLEMS OF PAPER-BASED PUBLIC WORK PROCUREMENTS IN TAIWAN
The construction phase involves a variety of organizations, persons, equipment, materials, etc. and thus only paper On the other side, the bidders do not have enough time to carefully read paper construction documentations (drawings included) due to the short period of waiting bids. Some bidders submit their bids without thorough inspection and will find omissions or mis-calculations problems after the start of construction. According to the regulations, if the quantity difference between the actual and the number on the QTO is below 5% (originally 10%) the contractor has to afford by its own.
As to the omissions of work items, the contractor may not get the claims because of its own negligence to find them and propose to the owner before bidding. Table 1 . It can solve the problem that paper-based delivery process has information gaps among different phases. Table 1 . The document also includes a Model Element Table as Table 2 Table 3 . The credit score of every item is between 1 and 10 and given by an evaluation team according to the CMM Matrix. Finally, calculate the credit sum and decide the Maturity Level. An evaluation example is given in Table 3 . Model Elements are modeled as specific assemblies that are accurate in terms of size, shape, location, quantity, and orientation with complete fabrication, assembly, and detailing information. LOD500 (As-built conditions)
Model Elements are modeled as constructed assemblies actual and accurate in terms of size, shape, location, quantity, and orientation. 
INTERNATIONAL TREND OF BIM-BASED GOVERNMENT PROCUREMENT
In view of BIM functions and applications, and many successful private projects using BIM, several countries 
PROTOTYPE OF TAIWAN'S BIM-BASED GOVERNMENT PROCUREMENT SYSTEM AND ITS IMPLEMENTATION STRATEGY
The paper proposes a prototype of BIM-based government procurement system fit for Taiwan's conditions. Although the prototype shown in Fig. 2 is presented for the D-B-B delivery method, it is also useful for the other two methods.
For instance, the prototype can be adapted for the DB method by incorporation of both the A/E and contractor into a team. b. The implementation plan should set several phases rather than "one stop". For example, the first priority is the Design Phase. The deliverables that the A/E should submit is BIM-based. Secondly, construction project is not obligatory of using BIM at the beginning. However, the owner may award the project to the bidder who uses BIM while other bidders with similar conditions. c. Implementing the BIM-based procurement can promote DB or Turnkey delivery processes, and can accelerate introducing BIM into the Construction Phase. Hence choosing medium-large construction projects to use BIM is recommended. If so, the efficiency and quality of government procurements can be enhanced.
CONCLUSIONS
The government procurements in Taiwan are paper-based but there are many common problems originated from 2D drawings. Although the Government has established e-Tendering and PCCES systems, the electronic procurement is not completely automatic and allows more improvements. Fortunately, an innovative BIM technique can assist to conquer these problems. Several countries have implemented the BIM-based approach to government procurement in recent years. In response of the international trend, the Taiwan government is making great effort to catch up.
The paper proposes a prototype of BIM-based government procurement system fit for Taiwan's conditions. The prototype is that using BIM with the already existing e-Tendering systems to deliver bidding information, and the planner, A/E and contractor should submit deliverables to the procurer. If so, the goal of e-procurement is achieved.
To implement the BIM-based system, the Government shall publish the national BIM technical specifications, BIM Agreements, and Requirements of Modeling the BIM.
Also, the Procurement Contract should be revised. As to the BIM implementation strategy is Top-down, phased, propriety for the Design Phase and large DB projects.
The prototype proposed is not through empirical study, and some key issues such as property rights of special elements, BIM storage method (central or not), e-BIM delivery tools, BIM modeler certifications, etc. are not discussed in the paper. These will be further studied afterwards.
